Many saline, arid rangelands in the Great Basin once dominated by basin wildrye (Elymus cinereus Scribn. & Merr.) could again be highly productive following brush control and seeding of adapted species. The effects of spring precipitation and soil salinity on emergence and establishment of Jose tall wheatgrass [Agropyron elongafum (Host) Beauv. 'Jose'l and Magnar, a selected cultivar of basin wildrye, were compared in central Nevada. Both species were seeded in circular plots on a nonsaline and a moderately saline soil (electrical conductivity of the saturation extract, ECe, of 7.0 ds *m-l) and irrigated to simulate a gradient in spring precipitation. Magnar basin wildrye required higher and more frequent irrigation and precipitation in April through June to produce an acceptable stand of seedlings (at least 2 seedlings per meter of row) on the moderately saline soil than on the nonsaline soil. Jose tall wheatgrass produced acceptable seedling stands without irrigation and excellent stands (6 seedlings per meter of row) with irrigation on both soils following a wet winter and during a dry spring. Although mature basin wildrye is well adapted to many saline, arid soils, it definitely will require supplemental irrigation to establish from seed. Tall wheatgrass is more salt tolerant and less sensitive to plant water stress at the seedling stage than basin wildrye, so it is more likely to establish on saline, arid soils without irrigation. However, mature tall wheatgrass may not persist in areas that receive less than 30 cm annual precipitation. Until more drought and salttolerant plant materials are available, saline, arid soils should not be seeded without supplemental irrigation.
Magnar basin wildrye required higher and more frequent irrigation and precipitation in April through June to produce an acceptable stand of seedlings (at least 2 seedlings per meter of row) on the moderately saline soil than on the nonsaline soil. Jose tall wheatgrass produced acceptable seedling stands without irrigation and excellent stands (6 seedlings per meter of row) with irrigation on both soils following a wet winter and during a dry spring. Although mature basin wildrye is well adapted to many saline, arid soils, it definitely will require supplemental irrigation to establish from seed. Tall wheatgrass is more salt tolerant and less sensitive to plant water stress at the seedling stage than basin wildrye, so it is more likely to establish on saline, arid soils without irrigation. However, mature tall wheatgrass may not persist in areas that receive less than 30 cm annual precipitation. Until more drought and salttolerant plant materials are available, saline, arid soils should not be seeded without supplemental irrigation.
Valley bottoms and flood plains of the Great Basin historically were important grazing lands for the livestock of early ranchers (Lesperance et al. 1978) . In the late 19th century, many of the cattle grazing sagebrush (Artemisia)/grasslands were wintered on the extensive basin wildrye (Elymus cinereus Scribn. & Merr.) stands dominating many of these lowlands (Hazelton et al. 1961 , Lesperante et al. 1978 , Young and Evans 1981 . Because basin wildrye is sensitive to spring clipping and frequent herbage removal during the growing season (Krall et al. 1971; Perry and Chapman 1974 , many stands were decimated by excessive grazing (Young et al. 1975) . Recovering the forage production of these lowland ranges is desirable because the ranges are extensive and in close proximity to many ranch base properties. Many areas have the potential for high forage production due to the subsurface and overland drainage water they receive and the high water-holding capacity of the associated fine-textured soils. Extensive lowlands now dominated by greasewood [Surcobarus vermiculatus (Hook.) Torr.] and salt rabbitbrush [Chrysothamnus nauseosus ssp. consimilis (Greene) Hall and Clem] and lacking an understory of basin wildrye could be productive after chemical brush control (Cluff et al. 1983 ) and the establishment of forage species adapted to saline/alkaline and arid soils (Roundy et al. 1983) .
Seedling establishment on these soils may be limited by low 
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water potential due to infrequent precipitation, low soil matric potentials and high soil salinity. Salts lower the osmotic potential of the soil solution and specific ions may be toxic to germinating seeds and seedlings. Precipitation in the Great Basin occurs mainly in fall, winter, and spring. As storms that provide effective precipitation become less frequent from March through June, soil water content decreases so that soil matric and osmotic potentials are decreased and soil water may be unavailable for seed germination or seedling growth (Roundy et al. 1984) . Successful seeding establishment is dependent on frequency and amount of winter and spring precipitation and the ability of the seeded species to germinate and grow as soil matric and osmotic potentials decrease. Forage species most recommended for seeding saline, dry soils include Russian wildrye (Elymus junceus Fisch.), tall wheatgrass [Agropyron elongutum (Host) Beauv.], and basin wildrye (Plummer et al. 1955 (Plummer et al. , 1968 . Russian wildrye is difficult to establish because of poor seedling vigor (Hafenrichter et al. 1968 , Vallentine 1961 ). Tall wheatgrass is well known for its salt and sodium tolerance (Carter and Peterson 1962 , Dewey 1960 , Moxley et al. 1978 , Shannon 1978 , Rauser and Crowle 1963 and has established well on wet saline soils, but may not persist on dry saline soils (Forsberg 1953 , McPhie 1973 . Rollins et al. (1968) and Eckert et al. (1973) reported difficulty in establishing tall wheatgrass and basin wildrye on a greasewood/rabbitbrush [Chrysothamnus nauseosus (Pall.) Britt.] site in central Nevada due to high salinity, sodicity, and high boron concentrations. Young and Evans (1981) suggested that many of the sites where basin wildrye occurred naturally are too dry for tall wheatgrass and too saline for crested wheatgrass [Agropyron desertorum (Fisch. ex Link) Schult]. Although basin wildrye has had a reputation for low seed germination and poor seedling vigor (Young and Evans 1981) , a selected cultivar, Magnar, has been released which has high and viable seed production and high germination (Evans and Young 1983) .
The purpose of this study was to determine the establishment of Magnar basin wildrye and to compare it with that of Jose tall wheatgrass in relation to soil salinity and spring precipitation as simulated by irrigation in central Nevada. Simulation of spring precipitation by irrigation was intended to avoid the possibility of total seeding failure and to estimate the minimum precipitation necessary to establish these grass species on saline soils.
Methods
Two sites were chosen for their differences in soil salinity and their similarities in soil morphology and texture and their potential to support mature basin wildrye plants. The nonsaline and saline sites are both in Grass Valley, Eureka, and Lander counties, Nevada, at the University of Nevada's Gund Research and Demonstration ranch on the east side of the dry lake bed of pluvial Lake Gilbert ( Young and Evans 1980) . The soil of the nonsaline site is of the fine, montmorillonitic, mesic family of Typic Camborthids in a lagoon of Lake Gilbert. The soil of the saline site is a Gund silt-loam series of the fine-silty over clayey, mixed (calcareous), mesic family of Aquic Durorthidic Torriorthents on the lake plain (Peterson 1981) of Lake Gilbert. The physical and chemical prop-erties of these fine-textured soils are representative of many other flood plains and valley bottoms in the Great Basin (Roundy 1984 and Roundy et al. 1984) . The soil of the saline site is saline/ alkaline having an average sodium adsorption ratio (SAR) of 44 and an average electrical conductivity of the saturation extract (ECe) of 8.4 dS*m-' in the upper 30 cm with the predominant salts being sodium chloride (NaCI) and sodium sulfate (NazS04). The nonsaline soil has an average ECe of less than 0.5 dSam_'. Both sites supported a shrub community of greasewood, salt rabbitbrush, and big sagebrush (Artemisia tridentata Nutt. ssp. tridentata) and a herbaceous understory of basin wildrye.
gence and establishment results must be interpreted by taking into account the natural precipitation in relation to irrigation each year. In 1980-1981 low winter precipitation was followed by high precipitation in March, April, and May, and low precipitation in June Brush on both sites was eliminated by applying 3.4 kg* ha-' of 2,4-D [(2,4dichlorophenoxy)acetic acid] in the spring and rotobeating later in the summer of 1980. The sites were fenced to exclude rabbits and livestock. In the fall of 1980 a moderately saline plot (ECe = 7 dSem_') and a saline plot (ECe = 9.7 dSam_') on the saline site were seeded to Magnar basin wildrye. In the fall of 1981, a moderately saline plot (ECe = 7 dSam_') and a nonsaline plot (ECe < 0.5 dSam_') were seeded to both Jose tall wheatgrass and Magnar basin wildrye. Grasses were seeded to 1 to 2 cm deep with a vegetable seeder calibrated for a rate of 1 seed per centimeter into circular concentric furrows, 35 cm apart and constructed by hand with a hoe to be similar to furrows made by a standard rangeland drill. The circular plots were 32 m in diameter and in 1980 were divided into 3 pie-shaped blocks seeded to Magnar basin wildrye and in 1981 were divided into 6 pie-shaped blocks seeded alternately to Jose tall wheatgrass and Magnar basin wildrye. In the spring of each year after fall seeding, water was applied using a single sprinkler with a 4.8-mm range by 2.4-mm spreader nozzle operated at 0.2 MPa on a 60-cm riser in the center of each circular plot to create an irrigation gradient (Hanks et al. 1976 ). Water applied decreased almost linearly with distance from the sprinkler head. Amount of irrigation was measured in cans 14.5 cm diameter by 17.5 cm deep placed along 3 transects at 2.5,6.5, 10.5, and 16 m from the center of each plot. Each irrigation was approximately 6 hr and added an average of 2 cm of water to the soil at 2.5 m from the plot center and no water at 16 m from the plot center. There were 5 irrigations in the spring of 1981 and 4 in 1982 with the plots being irrigated approximately every 2 weeks from May through June. The irrigation water was hauled to the plots from a nearby mountain stream and had an electrical conductivity of less than 0.5 dS*m-'. Irrigations were done at night when wind was minimal. (Fig. I) . In 1981-1982 winter and March precipitation was high followed by low precipitation in April, May, and June. Generally, 1980-1981 could be characterized as a dry winter followed by a normal spring, whereas 1981-1982 could be considered a wet winter followed by a dry spring. Seedlings generally followed a pattern of initial emergence when temperatures became warm enough for germination in April and May, followed by mortality of some seedlings with the absence of rain. This was followed by additional seedling emergence associated with spring rains and irrigation followed by gradual mortality through the summer (Fig. 2) .
Emergence
Seedling counts were made as early as seedlings emerged and thereafter every 2 weeks through July and again the following spring. Seedlings in a 1 m long sample of row were recorded in the concentric rows of 2.5,6.5,10.5, and 16 m from the plot center and in the inside and outside row bordering these rows. Six observations per block were recorded for each species at each distance from the plot center at each sampling date.
Irrigation greatly increased Magnar basin wildrye seedling emergence in the spring of I98 1, but had little effect on emergence of Magnar basin wildrye or Jose tall wheatgrass in the spring of 1982 ( Fig. 2 and Table I ). Soil samples of 1 old shrub mound and 1 interspace were collected at 3 sampling points in 198 1 and at 2 sampling points in 1982, at distances of 2.5, 6.5, 10.5, and 16 m from each plot center. Samples were collected starting in April and thereafter in 2-to 4-week intervals. Samples were generally collected 2 weeks after each irrigation on the day preceding the next irrigation. Samples were taken for depth intervals of 0-1, l-5,5-10, 10-I 5, and 25-30, and were analyzed for ECe, volumetric water content, and total, matric, and osmotic soil water potential as described by Roundy (1984) and reported by Roundy et al. (1984) . Other chemical and physical characteristics of these soils are reported by Roundy (1984) and Roundy et al. (1984) .
F-value
Predawn leaf water potentials of seedlings receiving the highest irrigation at 2.5 m from the plot center and those receiving no irrigation at I6 m from the plot center were measured periodically using a pressure bomb (Scholander et al. 1965) . (Fig. 2) . These trends can be explained by the different patterns of winter and spring precipitation and irrigation in 198 1 and 1982 and the associated differences in the water potential of the surface soil. Due to lack of winter soil water recharge (Fig. I) , the surface soil in 1981 was initially drier than in 1982. On 8 April, total soil water potential in the upper I to 5 cm of the moderately saline plot averaged -820 and -300 J*kg-', respectively, in 198 1 and 1982.
Results and Discussion
Because of the initially dry seedbed in 1981, emergence did not begin until after irrigation and natural storms in mid to late April. Maximum emergence occurred in June after substantial April and May irrigations and storms (Fig. 2) . In contrast, maximum emergence of Magnar basin wildrye on the moderately saline plot in 1982 occurred in April before any irrigations when temperatures were warm enough for germination and the soil was still wet from high winter precipitation. In 1981, irrigations combined with storms resulted in moisture events about 8 days apart for the irrigated rows compared with natural storms about 20 days apart for the nonirrigated rows. This resulted in about 4 times the seedling emergence on the highest irrigated rows compared with the nonirrigated rows (Fig 2) . In the absence of frequent rains, the surface soil rapidly dried out resulting in extremely low soil water potentials (Roundy et al. 1984a ). The higher frequency of irrigation and storms on an initially dry seedbed in April and May in 1981 than in 1982 may have resulted in greater germination of Magnar basin wildrye seeds, resulting in greater maximum emergence on the irrigated rows in 1981 than 1982. Due to an initially wet seedbed in 1982, maximum emergence occurred before irrigation, and nonirrigated rows had higher emergence than in 1981 when the seedbed was initially much drier. These data illustrate the importance of frequent spring storms to seedling emergence following a dry winter and also show that the highest seedling emergence will be produced by frequent spring storms when tempera; tures are warm enough for germination.
There was no significant difference (PSO.05) in maximum emergence in relation to soil salinity for Magnar basin wildrye or Jose tall wheatgrass seedlings (Table 1) .
In I982 Jose tall wheatgrass had higher seedling emergence than Magnar basin wildrye on both the highest irrigated and on nonirrigated rows and on both the nonsaline and moderately saline plots (Table 1 and Fig. 2 ). Jose tall wheatgrass has greater radicle growth at low osmotic potentials, has higher total germination and more rapid emergence at low osmotic and matric potentials than Magnar basin wildrye. Jose tall wheatgrass also germinates at lower osmotic and matric potentials than Magnar basin wildrye (Roundy et al. 1985b) . Magnar basin wildrye apparently requires more frequent storms or irrigation as occurred in 1981 to equal the emergence produced by Jose tall wheatgrass following a wet winter and relatively dry spring as in 1982.
Although the saline soil in this study had boron concentrations ranging up to 100 ppm in the saturation extract, boron probably had little effect on seed germination.
Both species had high germination in boron concentrations up to 450 ppm in laboratory tests (Roundy 1985a ). However, boron may have reduced emergence and survival of some seedlings. Radicle growth greater than 5 mm of both species is inhibited at boron concentrations above 100 ppm and root yield of both species is reduced by half at saturation extract concentrations above 30 ppm (Roundy 1985a ).
Establishment
As soil water potential decreased through the summer, seedling density decreased (Fig. 2) . The highest irrigation significantly increased (P 5 0.05) the number of seedlings of both species established on both the nonsaline and saline soils ( Table 1 and Fig. 2). Seedling establishment generally increased with irrigation (Fig.  3 ).
An acceptable produced only in 198 1 and required at least 16 cm of irrigation plus precipitation from April through June (Fig. 3) . Basin wildrye failed to produce an acceptable stand of seedlings in 1982 on the moderately saline plot, even at the highest irrigation (Fig. 3) . The lower established density of basin wildrye in 1982 than in 1981 on the moderately saline plot was due mainly to lower emergence and somewhat to lower survival (Fig. 2) . In 198 1, peak seedling emergence was preceded by a series of storms in May ( Fig. 1 and 2 ).
Irrigation before and after these storms not only resulted in greater seedling emergence, but also resulted in somewhat higher survival of emerged seedlings.
In 198 1, seedlings receiving the highest irrigation received 8.9 cm of water from 2 irrigations and a series of storms in May of 198 1 resulted in higher total water potentials in early June in 198 I than in 1982. For example, total soil water potential of the l-to 5-cm interval in the highest irrigated rows of the moderately saline plot averaged -560 and -1500 J*kg-', respectively, on June I, 198 1 and 1982. Frequent precipitation on saline soils maintains high total water potentials by increasing soil water content and by leaching salts (Roundy et al. 1984) . Even though Magnar basin wildrye seedlings received 8.5 cm of water from irrigations and storms in June of 1982, they still failed to establish on the moderately saline plot. These differences in establishment in 1981 and 1982 suggest that high and frequent precipitation in May when evaporative demands are low is more effective than precipitation in June for emergence and establishment of Magnar basin wildrye on moderately saline soils.
More Magnar basin wildrye seedlings established on the nonsaline plot than on the moderately saline plot in 1982 (Table 1, Fig.  3 ). Precipitation plus irrigation of 14 cm in April through June produced an acceptable stand of Magnar basin wildrye seedlings on the nonsaline plot, whereas 16 cm of precipitation plus irrigation failed to produce an acceptable stand on the moderately saline plot in 1982. Greater plant water stress was associated with higher soil salinity. For example, predawn water stress of nonirrigated seedlings ranged from 290 to 2870 Jekg-' higher on the nonsaline than on the moderately saline soil in July 1982. The lower total water potential of the moderately saline than the nonsaline soil could generally be attributed to its osmotic potential where the matric potential of the two soils were similar (Roundy et al. 1984) .
Jose tall wheatgrass produced an acceptable stand of seedlings with no irrigation, but produced excellent seedling stands (6 seedlings per meter of row) with irrigation on both the nonsaline and moderately saline plots (Fig. 3) .
Greater establishment of tall wheatgrass than basin wildrye was due not only to higher emergence, but also generally to greater seedling survival. Although predawn leaf water stress of tall wheatgrass seedlings was an average of 830 J@kg-' greater on the moderately saline than the nonsaline plot in June and July, salinity did not reduce survival of tall wheatgrass seedlings as much as it reduced survival of basin wildrye seedlings.
Magnar basin wildrye seedling survival associated with decreasing soil water potential was significantly (P 9 0.05) lower on the moderately saline plot than the nonsaline plot, whereas that of Jose tall wheatgrass was similar for both plots and similar to Magnar basin wildrye on the nonsaline plot (Table 2 ). This difference suggests that Jose tall wheatgrass salinity tolerance is greater than that of Magnar basin wildrye. Jose tall wheatgrass has greater absolute growth of roots and shoots under decreasing osmotic potentials than Magnar basin wildrye (Roundy 1983) . Because Jose tall wheatgrass has more rapid root and shoot elongation than Magnar basin wildrye in nonsaline and saline soils (Roundy 1984b) , it would be expected to be more competitive and have higher establishment on nonsaline and saline soils than Magner basin wildrye. 
